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Abstract — We present experimental techniques and results 
related to the optimization and characterization of our nanofiber- 
based atom trap [Vetsch et al, Phys. Rev. Lett. 104, 203603 
(2010)]. The atoms are confined in an optical lattice which is 
created using a two-color evanescent field surrounding the optical 
nanofiber. For this purpose, the polarization state of the trapping 
light fields has to be properly adjusted. We demonstrate that 
this can be accomplished by analyzing the light scattered by the 
nanofiber. Furthermore, we show that loading the nanofiber trap 
from a magneto-optical trap leads to sub-Doppler temperatures 
of the trapped atomic ensemble and yields a sub-Poissonian 
distribution of the number of trapped atoms per trapping site. 

Index Terms — Nanophotonics, optical nanofibers, laser cooling 
and trapping of atoms. 



I. Introduction 

We have recently demonstrated a new experimental platform 
for the simultaneous trapping and optical interfacing of laser- 
cooled cesium atoms Q, 0. The scheme uses a two-color 
evanescent field surrounding an optical nanofiber to localize 
the atoms in a one-dimensional optical lattice about 200 nm 
above the nanofiber surface 0, see Fig. [T] At the same time, 
the atoms can be efficiently interrogated with light which is 
sent through the nanofiber. Remarkably, an ensemble of 2000 
trapped atoms almost entirely absorbs a resonant probe field, 
yielding an optical depth of up to 32, equivalent to an ab- 
sorbance per atom of 1.6 % |4 |. Moreover, when dispersively 
interfacing the atoms, we observe a phase shift per atom of 
~ 1 mrad at a detuning of six times the natural linewidth 0. 
Our technique provides unprecedented ease of access for the 
coherent optical manipulation of laser-cooled neutral atoms 
and opens the route towards the direct integration of laser- 
cooled atomic ensembles within fiber networks, an important 
prerequisite for large-scale quantum communication. More- 
over, our nanofiber trap is ideally suited to the realization of 
hybrid quantum systems that combine atoms with solid state 
quantum devices 0. 

On the route towards the realization of our nanofiber-based 
atom trap, two important experimental questions had to be 
addressed: First, the overall optical potential critically depends 
on the polarization state of the nanofiber-guided trapping fields 
0. However, the nanofiber is realized as the waist of a 
tapered optical fiber which is non-polarization maintaining for 
technical reasons. In order to compensate the birefringence of 
the optical fiber sections which are guiding the trapping light 
into the nanofiber waist, we thus had to develop a method for 
measuring the polarization state of the light field inside the 
nanofiber itself. It turns out that this is possible by analyzing 
the light scattered out of the nanofiber for different input 
polarizations. The second experimental challenge was to load 







| Q 


O 


ft Q a Q Q a Q 














1 


o 





w o w w o * 


' c w o 





Fig. 1. Illustration of the experimental system: (a) shows a sketch of the 
silica nanofiber, the trapping laser fields, the probe laser field, an electron 
multiplying charge coupled device (EMCCD) camera used for imaging the 
atomic fluorescence, and an avalanche photodiode (APD) employed for 
measuring the probe light transmitted through the fiber. The zoom shows the 
atoms in the nanofiber trap, including the evanescent standing wave pattern 
formed by the red-detuned trapping field. In (b), equipotential surfaces 40 fiK 
and 125 /iK above the trapping minimum are shown. This configuration 
results in two linear arrays of local potential minima (trapping sites). 



laser-cooled atoms into the potential minima. In general, the 
most straightforward method for loading atoms into an optical 
dipole trap is to directly transfer them from a magneto-optical 
trap (MOT), possibly while further cooling the atoms with 
an optical molasses |6|. It was, however, far from obvious 
that this procedure would work for our nanofiber trap since 
it implied to superpose the MOT with the nanofiber and 
required the MOT to efficiently cool the atoms at a distance 
of only « 200 nm from the nanofiber surface. In spite of 
these unknowns, the technique turns out to be successful. In 
particular, it is possible to prepare nanofiber-trapped ensembles 
with sub-Doppler temperatures. Moreover, the loading process 
leads to a sub-Poissonian distribution of the number of atoms 
per trapping site due to the so-called collisional blockade 
effect 0. Here, we present the experimental techniques and 
results related to the characterization of the polarization state 
of the nanofiber-guided trapping light fields, of the temperature 
of the nanofiber-trapped atoms, and of the number of atoms 
per trapping site. 

II. Experimental Set-up 

All measurements presented in this article are carried out 
with the experimental set-up which is depicted in Fig. [T] (a) 
and which was also employed for the work in Ref. flj. A 
silica fiber, having a 5 mm long tapered region of 500 nm 
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physical quantity 


symbol 


value 


radial trap frequency 


u r 


200 kHz 


axial trap frequency 


Vz 


315 kHz 


azimuthal trap frequency 




140 kHz 


trap depth 


Uo 


k B ■ 400 fiK 


trap- surface separation 


d 


230 nm 



TABLE I 

Overview of the parameters characterizing the trapping sites 
of the nanofiber trap. the constant k b denotes boltzmann's 
constant. 



diameter, is placed in an ultra-high vacuum chamber at a 
typical pressure of 8 x 10 _10 mbar. To realize the two-color 
nanofiber dipole trap for Cesium atoms, two light fields are 
launched into the fiber. One has a free-space wavelength of 
^biue _ nm an( j j s thug blue-detuned with respect to the 
Cesium D-line transitions, A^ 1 = 894 nm and A^ 2 = 852 nm. 
The second (Ag ed = 1064 nm) is red-detuned and is sent into 
the thin fiber from both sides. In the 500-nm diameter region 
of the fiber, all light fields used in the presented experiment 
are guided in the fundamental HEn mode |8|. Both trapping 
light fields are chosen to have quasi-linear polarization where 
the polarization planes are oriented perpendicular with respect 
to each other in order to maximize the azimuthal confinement 
in the trap (T). The fiber-guided 780-nm mode has a power 
of 25 mW, the respective 1064-nm standing wave field has 
a power of 2 x 2.2 mW. Using these parameters, two arrays 
of potential minima form along the nanofiber. The situation 
is illustrated in Fig. [T] (b), showing equipotential surfaces 
at 40 /iK and 125 /iK above the trapping minimum. Each 
individual trapping site is characterized by the parameters 
summarized in Table |T| The spacing between two neighboring 
lattice sites is given by AQ ed /2n e ff « 500 nm, where n e ^ is the 
effective refractive index [9]. The closest geometrical distance 
to the nearest opposing trapping site of the second array of 
potential minima is about 1 /im. 

III. Polarization Control 

Polarization control of the fiber-guided modes is an indis- 
pensable requirement in the context of nanofiber-based optical 
trapping. The nanofiber is produced from a non-polarization 
maintaining base fiber for technical reasons. Thus, the bire- 
fringence of the optical fiber sections which are guiding the 
trapping light into the nanofiber waist is a priori unknown. 
However, in order to obtain azimuthal confinement of the 
atoms in the nanofiber dipole trap, a defined quasi-linear po- 
larization of the trapping laser fields is required 1 1 ]. Therefore, 
a method for measuring the polarization state of the light field 
inside the nanofiber itself has to be implemented. 

Here, we realize this characterization by analyzing the light 
scattered out of the nanofiber by surface imperfections and 
by inhomogeneities in the bulk silica. We assume that the 
scatterers are point-like and that they conserve the local polar- 
ization and phase of the nanofiber-guided modes. We therefore 
further assume that the scattered intensity in a given azimuthal 
direction is given by the coherent sum of the amplitudes of 
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Fig. 2. Characterization and optimization of the polarization state of the 
nanofiber-guided light. In (a), we consider one point-like scatterer which is 
assumed to conserve the local polarization and phase of the mode guided by 
the nanofiber (sketched as a dashed cylinder). If the guided light is locally 
linearly polarized along x, the scattered light will thus also be polarized along 
x and its intensity will obey a dipole emission pattern. Two cameras allow 
one to image the light scattered into the x- and y-direction, respectively. 
Both cameras can be equipped with a polarization filter. The orientation of 
the polarization plane of the fiber-guided mode is given by the angle cp as 
indicated. In (b), the optical powers detected by both cameras are shown as 
a function of ip for various settings of the polarization filters. The solid lines 
are fits taking experimental imperfections into account (see text for details). 



these local dipole emitters which are randomly distributed over 
the nanofiber surface and bulk. 

The set-up and procedure for measuring and optimizing the 
polarization state of the nanofiber-guided light are illustrated 
in Fig. [2] (a). The nanofiber axis defines the z-axis of the 
coordinate system. Two CCD cameras observe the scattered 
light along the x-axis (camera 1) and y-axis (camera 2), 
respectively. The apertures of the imaging optics are small, 
thereby ensuring a high angular resolution of about 5°. 

If the mode was exactly linearly polarized along x, the 
azimuthal dependence of the scattered intensity would, under 
the above assumptions, be given by a dipole emission pattern, 
yielding I(cp) ex sin 2 ((/? — ip ) with ip as defined in Fig. [5] (a) 
and cpo = 90° (<po = 0°) for camera 1 (2). However, the 
HEn modes have a non-trivial, spatially varying polarization. 
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As a result, due to the two-fold symmetry of the minor com- 
ponent of the transverse polarization [8], a higher order term 
oc sin 2 [2((/? — (p )] will contribute to the observed intensity. 
Moreover, they are not transversally polarized but exhibit a 
significant z-component. In order to nonetheless be able to 
adjust the polarization state of the fiber-guided modes, both 
CCD cameras are equipped with a polarization filter. By these 
means, the contribution of the z-component can be suppressed. 

In Fig. [2] (b), the integrated intensity of the CCD signals of 
cameras 1 and 2 are plotted for various angles tp. The latter is 
adjusted by a half wave retardation plate before coupling the 
light field into the fiber. As expected, with the z-polarization 
component filtered out, the power on camera 1 (plotted in 
black) varies ^90° out of phase with respect to the power 
on camera 2 (plotted in green). We optimize the contrast of 
the signals using a Berek polarization compensator before 
coupling the light field into the fiber. In the optimum case, this 
yields a contrast of C = 88 %, most probably limited by non- 
polarization maintaining scattering. We checked that the light 
exiting the tapered optical fiber has a pure polarization state 
which is stable over many hours. Therefore, we infer that by 
maximizing C, we realize the best possible approximation of 
a quasi-linearly polarized HEn mode on the nanofiber waist. 

It is instructive to further consider the ip -dependence of 
the CCD signals when adjusting the polarizers to pass the 
z-component. Interestingly, in this case, we also observe a 
modulation with a contrast of 87 %. This behavior can be 
understood when taking into account the spatial dependence 
of the z-component of a HEn mode, quasi-linearly polarized 
along x (see Fig. [3]). As is apparent from this plot, the z- 
component of the E-field changes sign under reflection at the 
?/-z-plane. As a consequence, when observing the scattered 
intensity along the ^-direction, full destructive interference 
takes place. When observing along the x-direction, however, 
there is a non-zero path length difference to the detector 
between corresponding points which oscillate in phase opposi- 
tion, thereby turning the destructive interference into partially 
constructive interference. Finally, when entirely removing the 
polarization filter of camera 1, the observed signal (plotted 
in blue) corresponds to the sum of the y- and z-signal. In 
this case, the terms oc sin 2 ((p — cp ) and oc cos 2 (cp — cpo) 
approximately sum up a constant offset on top of which the 
effect of the ex sm 2 (2(cp — ipo)) term is clearly apparent. 
This nicely illustrates the importance of filtering out the z- 
component when optimizing the polarization with our method. 

IV. Temperature Measurements 

With the trapping laser polarizations optimized as outlined, 
the nanofiber-based trap is ready to be loaded. For this 
purpose, a magneto-optical trap (MOT) is superposed with 
the nanofiber. The MOT performs normally in spite of the 
presence of the 500-nm diameter fiber. Both, the MOT loading 
as well as the transfer of the atoms to the nanofiber-based 
trap is performed like in Ref. [ 1 ] and corresponds to a typical 
loading sequence of a steep optical dipole trap |6|. The total 
number of atoms in the trap is determined from an absorption 
measurement using fiber-guided probe light resonant with 
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Fig. 3. Plot of the z-component of the electric field of a HEn mode, quasi- 
linearly polarized along x, inside the 500-nm diameter nanofiber. The phase 
of oscillation is chosen to yield maximal field values. It is equal at all points 
with x > and opposed to the phase at the corresponding points with x < 0. 
The vacuum wavelength of the guided light is assumed to be 852 nm. 



the D2 line of Cesium. From the total power scattered by 
the trapped Cesium atoms at full saturation, their number is 
determined to be around 2000 (TJ . 

The knowledge of the temperature of the trapped atoms is 
relevant for numerous applications of our nanofiber trap. As 
an example, the thermal motion, combined with a position- 
dependent light shift on the atomic transition frequencies, leads 
to inhomogeneous broadening, thereby limiting the reversible 
dephasing time of quantum superpositions ifTOl . We will see 
below that in our case we load at most one atom per trapping 
site into the nanofiber trap due to the collisional blockade 
effect |7|. Under these conditions, a versatile method for mea- 
suring the temperature has been presented in Refs. ifTTll . fT2l . 
It relies on the adiabatic lowering of the trapping potential and 
the measurement of the number of remaining trapped atoms 
as a function of the reduced trap depth. From an initial depth 
Uo, the trapping potential is lowered to a value U. In this case, 
only the fraction of atoms with a certain maximum energy E 
remains trapped. In the case of adiabatic lowering, there is a 
one-to-one correspondence between U and E. However, due 
to adiabatic cooling, the energy is not conserved and thus the 
initial energy Eq is related to the trap depth in the moment 
of the atom loss U esc in a non-trivial way (in particular, 
^0 7^ U esc ). One can show, however, that the action integral 
over one oscillation period remains conserved Hl3l . 

In order to establish a one-to-one correspondence between 
U esc and E , an adiabadicity criterion has to be fulfilled. 
Essentially, the optical dipole potential has to be changed 
on time scales that are longer than the largest oscillation 
period. An optimized experimental sequence to do so has been 
found in Ref. IfTTll and is also applied here. The corresponding 
variation of the trap depth U (t) is depicted in Fig. [5] For the 
experimental implementation of the temperature measurement, 
the atoms are loaded from the MOT into the nanofiber trap 
with an initial depth of Uo = 400 /iK. Then, the trap is 
lowered by reducing the power of the red-detuned laser with 
an acousto-optical modulator (AOM) according to Fig. [4] In 
order to determine the fraction of remaining atoms, the fiber- 
trapped ensemble is probed before and after the trap depth 
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Fig. 4. Plot of the adiabatic variation of the trap depth U (t), normalized to 
the initial trap depth Uo, as a function of time fill . 1121 . U\ ow denotes the 
minimal trap depth reached during the whole adiabatic process. 

modification sequence, using a weak, detuned probe pulse of 
500-/iS duration. It has been confirmed that heating due to 
probe light scattering is negligible: for a constant U(t) = Uo, 
the loss of atoms amounts to less than 10%. 

In order to derive the initial temperature of the atoms from 
the above measurement, the correspondence between Eq and 
U esc has to be determined. For this purpose, a Monte-Carlo 
simulation of classical atomic trajectories is performed since 
no analytical expression is known. Starting with different ran- 
dom initial positions in the trap and different random phases 
of the in-trap oscillation, the atomic dynamics is simulated. 
The trap parameters are chosen as in the experiment (see 
Table [I] for the trap frequencies and Ref. |1] for the detailed 
optical potentials). As a result of the simulation, the probability 
p(E , [/"low) f° r atoms of initial energy E to remain trapped 
is obtained for different U\ ow . The escape potential depth U esc 
is then defined as 

P(^0,[/low = [/esc)=0.5. (1) 

The obtained correspondence is shown in Fig. [5] For the 
evaluation of the experimental results, the simulated data is 
fitted with a polynomial of the from y = ax b + cx d , shown as 
a solid red line. 

In Fig. [6j the measured cumulative energy distribution of 
the atomic ensemble in the nanofiber trap is shown. Using the 
fit function from Fig. |5j the experimentally obtained escape 
energies U esc have been converted to the corresponding initial 
energies Eq. The cumulative energy distribution in Fig. [6] 
describes the fraction of atoms with an energy below Eq. It is 
well described by an integrated three-dimensional Boltzmann 
distribution lfT4l . 

p ^ T)=p -Cm av {-^f) iE - m 

_ f ^/W^U(r)d s r , (3) 

n JV(E) 

where P ma x is the maximum survival probability, g(E) de- 
notes the density of states, Z(T) is a normalization function, 
M the atomic mass of Cesium, and V(E) is the space available 
for particles with energy E. In the limit of E <C Uo, the 
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Fig. 5. Initial energy Eq of the atoms as a function of the escape trap depth 
Uesc both normalized to the initial trap depth Uq. The black data points are 
obtained from a Monte-Carlo simulation of 10 4 classical trajectories of atoms 
trapped in one lattice site. The red curve is a polynomial fit. 

integral in Eq. ^ can be approximately solved. With this 
result, we analytically integrate Eq. ^ and fit the obtained 
function to the data in Fig. [6] From the fit, P max results 
to 91%, in agreement with the U(t) = Uo measurement. 
The temperature of the atomic ensemble in the nanofiber trap 
is found to be k^T = 0.070(2) [/ which corresponds to 
T = 28 ± 1 /iK when using Uo from Table |l| This value 
is clearly below the Doppler temperature and indicates the 
presence of sub-Doppler cooling mechanisms |[T5lL fT61 . This 
is remarkable given the fact that it was far from evident that the 
MOT and the optical molasses would cool the atoms at all at a 
distance of only ^ 200 nm from the nanofiber surface. It leads 
us to conclude that the perturbation of the cooling laser beams 
is less detrimental to cooling than what might be expected 
from the modification of the fields by the nanofiber ifTTl . 

Using the obtained temperature value as well as the trap 
frequencies from Table [TJ the mean occupation numbers of the 
vibrational levels in the trapping potential can be calculated. 
According to Ref. |18], the occupation number is given by 

exp (hvi/k&T) — 1 

yielding (n z ) = 1.4, (n r ) = 2.5, and (n^) = 3.7. The 
localization of an atom in the trap can be obtained from 
the full 1/y/e- width, 2a i, of the probability distribution of 
the harmonic oscillator wave functions. For the parameters 
in this experiment, each atom is confined to a volume V — 
2a z x 2a r x 2ra (f = (42 x 67 x 95)nm 3 = 2.7 • 10" 16 cm 3 
at its lattice site. When probing the atoms with resonant light 
propagating through the nanofiber, the interaction thus takes 
place in the Lamb-Dicke regime (Lamb-Dicke parameter: 
r] = 0.08), thereby fulfilling the necessary condition for 
resolved sideband cooling to work efficiently. 

V. Atom-number distribution 

The large trap frequencies realized in the present set-up (see 
Table [I]), combined with the scattering of near resonant light 
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Fig. 6. Cumulative energy distribution of the nanofiber- trapped atoms. The 
black data points represent the fraction of atoms with initial energy below 
energy Eq and are derived from the measured escape energies U esc using 
the fit function obtained from a Monte-Carlo simulation (see text). The data 
is fitted with an integrated Boltzmann distribution (see Eq. {2}), shown as 
a solid red line. This fit yields a temperature of the atomic ensemble of 
T = 28 ± 1 /iK. The dotted line shows the underlying Maxwell-Boltzmann 
distribution for this temperature. 

during transfer of the atoms from the MOT to the nanofiber 
trap, realize a situation in which the collisional blockade 
effect might occur and lead to a sub-Poissonian atom number 
distribution in each trapping site 1 7 ] . In particular, over a large 
range of parameters, the maximum atom number per trapping 
site can be limited to one while the average occupation is 
close to 0.5. The necessary condition for observing such a 
collisional blockade is to have the one-body loss rate during 
the loading process, 7, much smaller than the light-induced 
two-body loss rate, /3/V, where V is the trapping volume (7). 
We experimentally observe 7 « 1 s _1 , consistent with loss due 
to background gas collisions at the base pressure in our set-up. 
Using the volume inferred from the temperature measurement 
(see above) and a typical value of/3 = 10 _10 s _1 for Cesium 
atoms 1 19], we find fi/V = 3.7 • 10 5 s" 1 > 7. If, in addition, 
the loading rate of the nanofiber trap, R, fulfills the condition 

7/2 < R < PI IV , (5) 

collisional blockade should thus occur (7). From simple es- 
timations, we expect condition ^ to be realized. We note, 
however, that it is not trivial to determine the loading rate R 
from a priori considerations or independent measurements. 

In order to experimentally check the occurrence of the colli- 
sional blockade, we load the nanofiber trap as described in Q], 
excite the atoms for 2 ms with near resonant fiber-guided probe 
light, and image their fluorescence using an EMCCD camera. 
The latter is oriented as indicated in Fig. [TJ a )> i.e., with the 
observation axis perpendicular to the nanofiber axis. In order to 
limit heating due to photon recoil, the probe light power is set 
to 500 pW and its frequency is red-detuned by 20 MHz with 
respect to the AC- stark- shifted F = 4 — > F' = 5 transition of 
the Cesium D2 line. The plane of the quasi-linear polarization 
of the probe light is parallel to the plane containing the atoms 
and orthogonal to the observation axis. In order to obtain a 
good signal to noise ratio, this measurement is repeated in 320 
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Fig. 7. (a) Background corrected fluorescence image of the nanofiber- trapped 
atoms, recorded with an EMCCD camera and averaged over 320 exposures, 
(b, solid green line) The same signal, integrated perpendicular to the nanofiber 
axis. In addition, the fluorescence of the MOT prior to loading the nanofiber 
trap is shown as a solid gray line. In order to allow a comparison of the 
fluorescence distributions, the MOT-signal has been rescaled. 

consecutive experimental runs and the background-corrected 
EMCCD fluorescence images are averaged. 

The resulting image is shown in Fig. [7] (a), while Fig. |7](b) 
shows the signal integrated perpendicular to the nanofiber 
axis as a solid green line. The latter fluorescence signal of 
the nanofiber-trapped atoms is higher in the left part of the 
graph than in the right part. This observation can be easily 
understood: the probe laser enters the fiber from the left in 
Fig. [7] and gets partially absorbed starting with the leftmost 
trapped atoms. Consequently, the probe laser intensity Ip(z) 
varies along the fiber. Denoting the line number density of the 
atomic ensemble as p(z), the fluorescence intensity If(z) will 
thus be given by 

I F (z) oc p(z)I P (z) = p(z)I exp J p(z')dz'"\ , 

(6) 

where a is the atomic absorption cross section and A e ^ is the 
effective cross sectional area of the nanofiber guided mode 
at the probe wavelength l20l . The settings of the probe light 
intensity and detuning correspond to a saturation parameter 
s < 1/10 at the position of the atoms. This justifies the 
application of Lambert-Beer's law in Eq. ([6]). 

Figure [7] (b) also shows the fluorescence signal from the 
MOT cloud prior to loading the trap (solid gray line). It is 
well approximated by a Gaussian with a full 1/y/e- width of 
2ctmot = 0.42 mm. In the following, we assume that the 
MOT density distribution and thus also the loading rate of 
the nanofiber trap, R, follow this Gaussian shape. In order to 
model the nanofiber fluorescence signal in Fig. [7] (b) using 
Eq. ([6]), we now have to derive the line number distribution 
of the fiber trapped atoms p(z) from the loading rate 

R(z) = i? max ex P [-{? ~ ^0)/2cTmot] j ( 7 ) 
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Fig. 8. (a) Modeled line number density (solid red line) and resulting 
fluorescence signal (dashed blue line) of the nanofiber-trapped atoms in 
the absence of the collisional blockade effect, (b) The same under the 
assumption of collisional blockade. The threshold value for clipping the 
line number density is chosen to occur at 23 % of the maximum loading 
rate, -Rmax, in order to yield the best agreement with the experimentally 
observed fluorescence signal, (c) Comparison of the experimentally observed 
fluorescence signal (solid green line) with the modeled fluorescence signals 
from (a) and (b) including an offset to account for a residual background. 
The experimental data shows very good agreement with the prediction derived 
under the assumption of collisional blockade. 



signal does not reproduce the experimental data. 

We therefore assume that p(z) corresponds to a truncated 
Gaussian as would be expected if collisional blockade oc- 
curred. For simplicity, we model this truncation by a hard 
clipping of the Gaussian as shown by the solid red line in 
Fig. [8] (b). In this case, the predicted fluorescence signal is 
in very good qualitative and quantitative agreement with the 
experiment, see solid blue line in Fig. [8] (c). We interpret 
this observation as an experimental proof of a collisional 
blockade effect in our experiment. This claim is supported 
by the following estimation: For the collisional blockade, an 
average filling factor of 0.5 atoms per trapping site is expected. 
In our trapping configuration, we have four trapping sites 
per micrometer along the nanofiber. For the sample length of 
~ 1 mm, we would thus expect ~ 2000 trapped atoms. This 
number is in good agreement with the atom number inferred 
from the saturation measurement in Ref. (TJ . 

VI. Conclusions 

We presented a practical in situ polarization analysis of 
light fields guided in an optical nanofiber and showed that 
this method can be employed for the optimization of the 
polarization configuration of our nanofiber-based atom trap. 
Moreover, we carried out an in-depth study of the trap loading 
performance using a magneto-optical trap as an atom source. 
We found that our nanofiber trap yields comparable results, 
i.e., sub-Doppler temperatures and collisional blockade, as in 
steep free-beam optical dipole traps and optical lattices. This 
shows that the possible perturbations of the laser-cooling and 
loading process, introduced by the presence of the nanofiber, 
are not significant. In this respect, the nanofiber trap is thus 
as simple to operate as a standard trap. At the same time, 
however, it realizes an efficient optical interface for the trapped 
atoms. Combined with the single-atom occupancy of the 
trapping sites, this therefore opens a realm of applications for 
nanofiber-trapped atomic ensembles. 
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where zq denotes the center of the MOT. 

Given that i? max is unknown, it is unclear whether R(z) 
enters the collisional blockade regime. For this reason, we 
first assume that this is not the case and that p(z) is sim- 
ply proportional to R(z). Furthermore, from an independent 
measurement, we know that the overall optical depth of the 
nanofiber-trapped atomic ensemble for the probe settings is 
about OD = 1, thereby providing a normalization condition 
for the integrated line number density J p(z') dz' . Figure [8] (a) 
shows p(z) under these assumptions (solid red line) as well as 
the resulting fluorescence signal (dashed blue line) predicted 
according to Eq. ([6]). As can be seen in Fig.[8](c), this predicted 
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